Further studies of space-time clustering of Burkitt's lymphoma in Uganda. by Morrow, RH et al.
Morrow, RH; Pike, MC; Smith, PG (1977) Further studies of space-
time clustering of Burkitt’s lymphoma in Uganda. British journal of
cancer, 35 (5). pp. 668-673. ISSN 0007-0920 DOI: https://doi.org/10.1038/bjc.1977.102
Downloaded from: http://researchonline.lshtm.ac.uk/4651897/
DOI: 10.1038/bjc.1977.102
Usage Guidelines
Please refer to usage guidelines at http://researchonline.lshtm.ac.uk/policies.html or alterna-
tively contact researchonline@lshtm.ac.uk.
Available under license: http://creativecommons.org/licenses/by-nc-nd/2.5/
Br. J. Cancer (1977) 35, 668
FURTHER STUDIES OF SPACE-TIME CLUSTERING OF
BURKITT'S LYMPHOMA IN UGANDA
R. H. MORROW*, M. C. PIKEt AND P. G. SMITHt
From the Department of Preventive Medicine, Makerere University Medical School,
Kampala, Uganda
Received 28 September 1976 Accepted 10 December 1976
Summary.-All hospital-treated cases of Burkitt's lymphoma (BL), with onset
of symptoms in the period 1963-68 and resident in the Lango and Acholi districts
of Uganda, were identified. The average annual incidence of BL in the 6-year
period was 1-87 x 10-5, similar to that in the adjacent West Nile district. Contrary
to findings in other areas of Uganda, there was no evidence of seasonal variation in
the onset of cases, nor of space-time clustering, nor of a decline in the incidence
of BL in the study period. An inverse relationship was noted between the median
age at onset of BL and the incidence of the disease in different areas of Uganda,
a finding consistent with intense malarial infection being a precipitating factor
for BL.
The variable observations with respect to space-time clustering of BL and
seasonal variation in incidence in different areas remains unexplained, but it is
suggested that a closer study of the patterns of malarial infection in these areas
may help to account for the findings.
EVIDENCE of space-time clustering
of cases of Burkitt's lymphoma (BL)
has added support to the hypothesis that
the disease has an infectious aetiology.
Patients with BL in Africa have been
consistently found to have elevated anti-
body titres to the Epstein-Barr virus
(EBV) (Henle et al., 1969) and nucleic
acid hybridization studies have shown
incorporation of multiple copies of the
viral genome into the DNA of tumour
cells from all but a few of the African
patients (zur Hausen et al., 1970) but
this virtually ubiquitous virus cannot
alone be the aetiological agent. Pro-
longed, intense exposure to malaria has
been invoked as a possible co-factor
(Burkitt, 1969; O'Conor, 1970) acting
with EBV to account for the age range
and limited geographical distribution of
BL. However, if the appropriate types
of infection with EBV and malaria provide
sufficient conditions for the development
of BL, it is not clear how their interaction
could lead to space-time clustering of
cases of the lymphoma. The early find-
ings of space-time clustering of cases
of BL in the West Nile and Toro districts
in north-western Uganda (Pike, Williams
and Wright, 1967; Williams, Spit and
Pike, 1969; Morrow et at., 1971) have not
been confirmed in epidemiologic studies
close to Lake Victoria, in Tanzania (Bru-
baker, Geser and Pike, 1973) and southern
Uganda (Morrow et al., 1976). We report
here a further study in two districts
of northern Uganda which are adjacent
to the West Nile district.
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BURKITT S LYMPHOMA IN UGANDA
POPULATION AND METHODS The area is predominantly rural, less than
Phe Lango and Acholi districts of Uganda 3% of the population living in the three
in the north of the country, immediately largest towns of Gulu (1969 population,
of the West Nile district and north of 18,170), Lira (7340) and Kitgum (3242),
Mengo districts (Fig. 1). The district where government hospitals are located(Fig. 2). In addition to these hospitals
there were, at the time of this study, mission
hospitals at Atura, Gulu and Kalongo
(Fig. 2). Most of the area lies between
3000 and 4000 feet in altitude, but there are
some small, more mountainous, areas in
the north and north-east, rising to nearly
8000 feet (Uganda Government, 1967). The
mean annual rainfall varies between about
35 and 70 inches, being highest around
Gulu and Lira and lowest in the extreme
northern part of Acholi. The rainfall in
the months of April to October averages
over twice that in the months November to
March (Uganda Government, 1967). Like
the West Nile district, the districts are
classified as hypo- to hyper-endemic for
malaria (Uganda Government, 1967). The
main food crops are millet, sorghum, cassava
and sim sim. Subsistence farming is the
occupation of most of the people.
The Kampala Cancer Registry has re-
1.-Map of Uganda showing district boundaries. corded 98 cases of BL in patients who were
first seen in hospital, or whose disease had
ulations in 1965-6 were estimated to be a date of onset, within the 6-year period
000 and 391,000 respectively (Uganda 1963 to 1968, and who were resident at the
ernment, 1959, 1971). They are divided time of onset in the Lango or Acholi districts.
13 administrative counties (Fig. 2). This Registry maintains a record of all cases
of cancer diagnosed in Uganda for which
biopsy specimens have been sent to the
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versity Medical School, the pathology refer-
ence centre for the country. The Registry
also has available Mr Burkitt's list ofUgandan
lymphoma patients, some of whom have
no pathologic diagnosis (Cook and Burkitt,
1971). The records of government and
mission hospitals in the two districts were
also searched, as were those of the Lymphoma
Treatment Centre in Kampala, where patients
may be referred for treatment from all over
the country, but no further cases were
found. For each patient identified, a record
was made of name, age, sex, date of diagnosis,
date of onset of symptoms, place of residence
and ethnic group. The place of residence
was located on a 1 50,000 map and co-
EASTINGS ordinates were assigned to the nearest
[a. 2. Map of Lango and Acholi districts kilometre.
of Uganda showing county boundaries and The diagnosis of BL was microscopically
location of hospitals. confirmed in 89 of these patients, while
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the diagnosis in the other
based on clinical grounds.
RESULTS
There was little change
of patients diagnosed b;
the study period (Table
dence of BL by age gro
TABLE I.- Year of Diagnos
Lango and Acholi I
Year of
diagnosis
1963
1964
1965
1966
1967
1968
No. of patient
Lango district Achc
12 (3)*
9 (2)
10
12 (2)
8 (2)
8
Total 59 (9)
* Patients without microscop
included in the number of cases,
in parentheses.
each district is shown in
3 cases were over 14 yeai
incidence rate in males w
that in females, and tl
9 patients was ratio was higher in the younger age
group. The overall standardized rate
in Lango was 2-12 cases/100,000/year
whereas in Acholi it was 1 58, but this
in the number difference is not statistically significant.
y year during The variations in incidence between
I). The inci- counties within the districts were not
up and sex in statistically significant (X122 = 15-74;
P < 0 25) (Table III) and there was
?is of Patients in no evidence of seasonal variation in
Districts onset of the disease (Table IV).
The median age at onset of all cases
ts was 6'8 years. The distribution of the
di district Total ages at onset of patients in Lango (median
1 13 (3) 6-6 years) was lower than that of those
7 16 (2) in Acholi (median 7-8 years) (X12 = 3'81;
8 20 (2) P < 0 10, using the Wilcoxon rank sum
7 15 (2) test). When the cases with a clinical
7 15 diagnosis only are excluded, the median age
39 98 (9) at onset of the Lango patients is 6-8 years.
Evidence for space-time clustering
and are also shown was sought among the 85 patients withknown places of residence, using the
critical time distances of 30, 60, 90, 120,
Table II: only 180 and 360 days and the critical space
rs of age. The distances of 2-5, 5.0, 10 0, 20-0 and 40 0
ras about twice km in the Knox test (Knox, 1964;
he male/female Table V). For 18 of these 85 patients,
TABLE II.-Age and Sex-specific Incidence Rates in Each District
Sex
Males
Females
Age
group
0-4
5-9
10-14
15+
Total*
0-4
5-9
10-14
15+
Total*
Combined 0-4
5-9
10-14
15+
Total*
Lango
A
No. of Annual rate
cases x 10-5
6 (3)t 2 - 33
28 (2) 13 -17
8 (1) 4 - 69
0 0 00
42 (6) 3 -01
3 (1)
13 (2)
1
0
17 (3)
9 (4)
41 (4)
9 (1)
0
59 (9)
1-15
6-10
0-64
0*00
1 -23
1 -74
9-63
2-76
000
2-12
Acholi
No. of Annual rate
cases x 10-5
5 2-23
11 5-82
5 3-11
3 0-52
24 1-96
1
7
7
0
15
6
18
12
3
39
0 44
3 -69
4-82
0 00
1 -21
1 -32
4-76
3 -92
0-25
1 -58
Both districts
A
No. of Annual rate
cases x 1O-5
11 (3) 2-29
39 (2) 9 - 71
13 (1) 3 - 92
3 0-24
66 (6) 2 -52
4 (1)
20 (2)
8
0
32 (3)
15 (4)
59 (4)
21 (1)
3
98 (9)
0 -81
4 97
2 -66
0-00
1 -23
1 -54
7-34
3 -32
0-12
1 -87
* Rates shown are standardized to the Ugandan population in 1969: Age 0-4, 19-2%; 5-9, 15-4%;
10-14, 11-5%; 15-19, 8-7%; 20-34, 21-7%; 35-49, 12-7%; 50-64, 7-0%; 65+, 3-8%.
t Patients without microscopic confirmation are included in the number of cases and are also shown in
parentheses.
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the date of onset was not known and
was assumed to be 1 month before the
TABLE III.-Incidence by County
District County
Acholi Chua
Kilak
Achwa
Agago
Lamwo
Omoro
Not known
Total
Lango Dokolo
Erute
Oyam
Kyoga
Kwania
Moroto
Maruzi
Not known
Total
No. of
cases
8
8
7
4
3
3
6
39
8 (1)*
21 (4)
10 (1)
4
3
6
1
6 (3)
59 (9)
Crude annual
ratet X 10-5
2 -29
2 -04
1-94
1-32
1-18
0-92
1-66
3 -32
3 -27
2 -21
2 -00
1-47
1-24
0-58
2 -21
* Patients without microscopic confirmation are
included in the number of cases and are also shown
in parentheses.
t In calculating rates, patients whose home
address was not known have been distributed
between the counties in direct proportion to the
actual number of cases within each county.
date on which they were first seen, this
being the median history of the cases
with known, history. For a further 3
patients, only the year of onset was
known and they have been excluded from
the analysis. Six pairs of patients had
onset within 180 days and lived within
2-5 km of each other, compared with
3-14 pairs expected (Poisson probability
0.10). When the analysis was restricted
to the 80 microscopically proven cases,
with known places of residence, the ex-
pected number of pairs associated with
these time and space distances decreased
to 2-44, and the observed number re-
mained at 6 (Poisson probability - 0-04).
However, this was the only combination
of space and time distances that gave
rise to a probability level of less than
0-10.
DISCUSSION
The completeness of case ascertain-
ment must be a major consideration in
interpreting any epidemiological observa-
TABLE IV.-Number of Cases by Month of Onset
Month of onset
M A M J J A
6 6 4 4 3 4 (1)
2 1 2 4 3 2
S 0
5 (1) 4 (2)
9 1
N D
6 (1) 5
2 5
Total 7 10 (1) 8 7 6 8 6 6 (1) 14 (1) 5 (2) 8 (1) 10 3 (3) 98 (9)
* Patients without microscopic confirmation are included in the number of cases and are also shown
parentheses.
TABLE V.-Space-Time Clustering: Observed and Expected Numbers of Pairs of Patients
by Period between Dates of Onset and Distance between Places of Residence, among
85 Patients with Known Coordinates
Distance between
places ofresidence
(km)
0 0- Obs.
Exp.
2-5- Obs.
Exp.
5-0- Obs.
Exp.
10-0- Obs.
Exp.
20-0- Obs.
Exp.
40 0- Obs.
Exp.
Total
Time between dates of onset (days)
0- 30- 60- 90- 120- 180- 360+
1 1 1 0 3 1
0-45 0-50 0-56 0-50 1-13 2-86
0 0 0 0 0 1
0-32 0-35 0-39 0-35 0-79 0-00
1 2 0 1 2 12
1-36 1-50 1-68 1-51 3-38 8-57
5 2 6 4 4 20
3-49 3-84 4-31 3-88 8-67 22-00
8 13 13 10 34 76
11-89 13-06 14-68 13-21 29-50 74-86
66 71 80 75 158 400
63-48 69-75 78-38 70-54 157-53 399-71
81 89 100 90 201 510
13
14-00
13
9 -80
42
42 -00
113
107 -80
370
366 - 80
1948
1958 - 60
2499
District J
Lango 4
Acholi 3
F
5 (1)*
5
Not
known
3 (3)
0
Total
59 (9)
39
Total
20
14
60
154
524
2798
3570
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tions, particularly in a study carried
out in rural Africa and dependent on
routine reporting. In the present study
we carefully searched the records of all
medical institutions to which a patient
might have been referred, and we con-
sider it unlikely that many cases who
reached hospital were missed. However,
an unknown number of patients will
not have reported to any hospital and
of these we can have no record. The
observed average annual incidence rate
in the Lango and Acholi districts (1-87 x
10-5) is twice as high as that observed
in the Mengo districts (0-82 X 10-5;
1959-1968), though lower than that seen
in the North Mara district of Tanzania
(2.84 x 10-5; 1964-70). Interest in BL
in the West Nile district of Uganda has
been high and it is notable that the
incidence in that district (1.78 x 10-5;
1961-1971) is similar to that in the
present study. The most impressive evi-
dence of space-time clustering has been
seen in the West Nile district, but, though
we have observed a similar incidence
of BL, and our study area is adjacent to
the West Nile district, we have found
meagre evidence for space-time clustering,
and certainly none that is statistically
significant when account is taken of the
number of different time and space
distances we examined. This observa-
tion, combined with the evidence from
other studies of BL in which no space-
time clustering has been observed, sug-
gests that either the earlier observations
represented some confounding factors,
possibly related to case ascertainment, or
that such clustering is seen only in certain
circumstances. Within the West Nile
district, the clustering in the period
1961-1965 was much more marked than
that in the period 1966-1971. The cur-
rently favoured hypothesis for the patho-
genesis of BL implicates infection with
both EBV and malaria, but the behaviour
of these infections is not such as to
produce time-space clustering of cases of
BL. In areas endemic for BL, both
infections are very common and affect
children at a very young age. Even
though the infections may occur in
" micro-epidemics ", the latent period
between the relevant infection and onset
of BL would necessarily have to be short,
if the subsequent clustering of cases were
not to be obscured by the variation in
latent periods which would very probably
be associated with long latent periods.
Seasonal variations, observed in two
studies, in the onset of BL suggests a
short latent period (Williams, Day and
Geser, 1974; Morrow et al., 1976). Morrow
et al. (1976) were unable to relate this
to monthly variation in rainfall in the
Mengo districts, but Williams et al.
(1974) found in the West Nile districts
about 80% more cases with onset in
the months July to December, a period
with above average rainfall. The month-
ly pattern of rainfall in the Lango and
Acholi districts is very similar to that
in the West Nile district (Uganda Govern-
ment, 1967) but we observed no evidence
of seasonal variation of onset of BL,
46 cases having onset in the months of
January to June and 49 in the period
July to December.
Our data support the notion that BL
patients in areas of high incidence have
onset of their disease at a younger age
than those in areas of low incidence.
The median age at onset in the Lango
patients was 6-6 years (annual incidence
of 2-12 x 10-5) and in the Acholi patients
7-8 (incidence of 1.58). These observa-
tions fit into the pattern of an inverse
relationship between age at onset found
in previous studies in the West Nile
District (median 6-8 years, incidence 1-78)
and among the indigenous Ganda tribe
in Mengo districts (8.2 years and 0.76)
of IUganda. The data from the North
Mara district of Tanzania do not quite
fit the pattern, however (7.7 years and
2.84). Burkitt and Wright (1966) have
previously pointed out this inverse rela-
tionship, and have used it to support the
hypothesis of an environmental agent
stimulating tumour production, exposure
being more common and consequently
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occurring at an earlier age in some
areas. Malaria is an agent that well
fits this pattern; the more intense the
transmission of malaria in an area, the
younger is the age group that is most
affected.
In the Mengo district there was a
marked decline in incidence of BL in
the decade 1959-1968, but there was no
decrease evident in Lango and Acholi.
The decline in the Mengo districts was
attributed to the possible decrease in
severe malaria infections, which in turn
was related to the considerable socio-
economic and health care improvements
during the decade, including widespread
distribution of chloroquine. In general,
the extent of improvement in Acholi
and Lango was much less during this
decade.
We have suggested in our discussion
of the Mengo findings (Morrow et al.,
1976) that if EBV and malaria are the
aetiological agents for BL, the infection
which precipitates onset of BL is likely
to be chronic severe malaria rather than
EBV. If so, variation in the time and
place of BL onset should be closely linked
to the variation in infection with malaria.
When this variation is better understood,
it may be easier to explain the varied
epidemiological observations relating to
temporal and time-space clustering than
is at present the case.
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